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Introduction
Pneumonia is a leading cause of hospitalisation and mortality among older adults, particularly those aged !85 years [1, 2] . Although aspiration pneumonia is the dominant form of community-acquired pneumonia (CAP) and healthcare-associated pneumonia (HCAP), the lack of specific and sensitive markers of aspiration complicates clinical and epidemiological investigations [3, 4] . Several studies have indicated that 7-24% of CAP is due to aspiration [5, 6] . We have previously reported that approximately 60% of hospitalized patients with CAP can be diagnosed with aspiration pneumonia [7] . Previous studies have shown that the risk of aspiration pneumonia increases with age, if patients are residing in a nursing home, and if a patient's status is complicated with many geriatric disorders [8] . However, given that the average life span of Japanese women is 86 years, age itself may not be a risk factor for developing pneumonia.
There are many therapeutic guidelines for CAP and HCAP [9] [10] [11] . These guidelines apply to adult patients, but not specifically to older patients who present with high mortality due to aspiration pneumonia. HCAP in the United States is mostly characterized by infection with multidrug-resistant pathogens. However, HCAP and nursing and healthcare-associated pneumonia (NHCAP) in Spain and Japan are not related to multidrug-resistant pathogens, and result in worse clinical outcomes than CAP because of comorbidities related to dysphagia or aspiration [12, 13] . In addition, the rate of HCAP has increased with advancing age in developed countries and most of the cases can be diagnosed as aspiration pneumonia [14] .
Aspiration pneumonia occurs in older adults with polypathology who have two or more chronic symptomatic diseases as well as various negative health and functional characteristics [15] . The increase in the ageing population worldwide means that the risk factors for developing aspiration pneumonia in older adults receiving nursing care need to be elucidated for the prevention and efficient clinical management of aspiration pneumonia. The aim of the present study was to examine the clinically significant risk factors associated with aspiration pneumonia among older adults receiving nursing care.
Methods
Study design, data sources, and study population
We carried out an observational and cross-sectional study, using secondary data from a nationwide questionnaire survey conducted by the Japanese Association of Geriatric Health Services Facilities (JAGHSF) in October 2010. JAGHSF has more than 3500 geriatric health services facilities (GHSFs) in its membership, which provide medical, nursing, and rehabilitation services for elderly under the long-term care insurance in Japan for people aged over 65 years.
The questionnaire survey was conducted at 3800 randomly selected GHSFs and associated health facilities receiving elderly care. The study subjects were aged 65 years and older, and lived in 1121 GHSFs at the time of observation. People aged less than 65 years were excluded from the survey. We collected data on general characteristics of subjects, the duration of years from admission, dysfunction and clinical supports, comorbidities, and deterioration of health condition on subjects in 3 months including standing, moving and walking, and swallowing function. Data on activities of daily living (ADL) were collected from the data of International Classification System of Functioning, Disability and Health (ICF) staging, the assessment method for ADL condition of patients, which was modified by the JAGHSF from the ICF, standardised by the World Health Organization (WHO) [16, 17] . Using ICF staging [18, 19] , the level of ADL concerning mobility, walking, recognition (orientation, communication, and cognitive oriented function), eating (swallowing and the necessity of eating assistance), toileting, bathing, and dressing (oral care and washing) were collected.
Aspiration pneumonia was defined as an episode in the 3 months previous to the observation period, which was diagnosed by geriatricians in each GHSF according to the consensus by Japanese Study Group by the committee of Japan Respiratory Society on Aspiration Pulmonary Disease definition as pneumonia in a patient with a predisposition to aspiration because of dysphagia or swallowing disorders [20] . Since the swallowing function was not able to assess in all GHSF using the specialized examination tests, the presence of overt symptoms of dysphagia or the medical history of aspiration was determined as swallowing disorders in the patients. This method was allowed by the consensus of JRS [20] . Age was analysed as the continuous variable and as the stratified age groups with 65-74yrs., 75-89yrs, and !90yrs. The incidence of fever with caused by acute infectious diseases was determined by the fever of over 37.5°C with the test on bacterial culture. The dehydration was defined by the ratio of blood urea nitrogen (BUN) to serum creatinine was greater than twenty.
The subjects were divided into two groups: those with and those without aspiration pneumonia. We compared the factors relating to the incidence of aspiration pneumonia as the primary outcome. The purpose of the present study included finding the clinical risk factors for the incidence of aspiration pneumonia. We used a propensity scoring method to match age, sex and ADL in subjects with and without aspiration pneumonia to characterise the probability of being exposed to the given covariates.
The study was approved by the Institutional Review Boards of the University of Tsukuba. Written informed consent was obtained from the subjects or their relatives, and we obtained written permission to evaluate and report the survey data from the JAGHSF. This process was permitted by the Ethical Review Boards for this observational study using secondary data from a national survey by the JAGHSF. Investigators kept datasets in password-protected systems and presented data while maintaining the anonymity of the study participants.
Statistical analysis
Data were reported as percentages for categorical variables and as median with interquartile range (IQR; 25-75%) for continuous variables. The characteristics of subjects with and without aspiration pneumonia were compared using the χ 2 test or Fisher's exact test for categorical variables and Mann-Whitney U or Kruskal-Wallis tests for continuous variables. Factors influencing aspiration pneumonia were determined using logistic regression analysis with independent variables if p was <0.05 and odds ratio (OR) >2.0 by univariate analysis, and a step-wise selection method was used to select variables and confirmed by the forced entry method. We carried out pairwise 1:1 propensity score matching, using nearest neighbour matching method, for reducing the effect of bias by unbalanced covariates and potential confounding [21, 22] . The propensity score was estimated using multiple logistic regression analysis that included the independent variables of age, sex and ADL level to match subjects with and without aspiration pneumonia, using stepwise backward elimination procedures with p<0.10 and confirmed by the forced entry method. We conducted a logistic regression analysis on propensity-matched case-control subjects using independent variables if p was <0.05 and OR >2.0 by univariate analysis, and a stepwise selection method was used to select predictive variables for aspiration pneumonia. Data were analysed using SPSS version 20 (IBM, Armonk, NY, USA). For all analyses, significance levels were two-tailed, and p<0.05 was considered statistically significant.
Results

General and clinical characteristics of subjects
A total of 9930 subjects from 1121 participating geriatric facilities throughout Japan were eligible for the present study. Two hundred and fifty-nine subjects (2.6%) had an episode of aspiration pneumonia in the 3 months prior to the observation period. The general characteristics, functional impairment status, clinical assistance requirements, and comorbidities of the subjects were compared between those with and without aspiration pneumonia ( Table 1) .
The age distribution of subjects was not normal. The median age was 86 years in both groups with no significant difference between the groups (p = 0.201). Over half of the subjects in the total sample were aged 75-89 years, and the analysis stratified by age group also showed no significant difference between those with and those without aspiration pneumonia (p = 0.197). There were significantly more male subjects with aspiration pneumonia than without (p < 0.001). The subjects in the group with aspiration pneumonia had a higher OR for sputum suctioning [OR = 17.5, 95% CI: 13.16-22.62], daily oxygen therapy (OR = 8.29, 95% CI: 4.39-15.65), feeding support (nasogastric tube or gastrostomy) dependency (OR = 8.10, 95% CI: 6.27-10.48), and urinary catheterization (OR = 4.08, 95% CI: 2.81-5.91). Regarding comorbidities, only dementia, urinary tract infection, and multiple cerebral infarction differed significantly between the subjects with and without aspiration pneumonia. The condition of subjects with aspiration pneumonia deteriorated more regarding standing, moving and walking, and swallowing compared to subjects without aspiration pneumonia (Table 1) .
ADL were assessed using the International Classification of Functioning (ICF) staging [18, 19] , which measures mobility, walking, recognition (orientation, communication, and cognitive oriented function), eating (swallowing and the necessity of eating assistance), toileting, bathing, and dressing (oral care and washing). For all ADL except bathing, subjects with aspiration pneumonia tended to present with lower levels, while subjects without aspiration pneumonia presented with varying levels (Table 2) .
Risk factors for aspiration pneumonia among elderly subjects using multiple logistic regression analysis
The multiple logistic regression analysis adjusted for baseline factors indicated that male sex, sputum suctioning, daily oxygen therapy, feeding support dependency, urinary catheterization, deterioration of swallowing function in the past 3 months, fever with acute infectious disease, dehydration, and dementia were related to the incidence of aspiration pneumonia (Table 3) .
In addition, a propensity-score-matched case-control study was conducted among a subsample of 514 subjects with and without aspiration pneumonia. The logistic regression analysis showed that sputum suctioning, deterioration of swallowing function in the past 3 months, dehydration, and dementia were associated with the incidence of aspiration pneumonia (Table 4) .
Discussion
The present comprehensive study identified that the predictive clinical factors for developing aspiration pneumonia in older adults receiving nursing care were sputum suctioning, deterioration of swallowing function in the past 3 months, dehydration, and dementia. These findings could improve the clinical management and prevention of repetitive aspiration pneumonia, a leading cause of death in older adults. One hundred years ago, Sir William Osler said that pneumonia is a friend of the aged. Indeed, elderly people are considerably more likely to suffer and die from pneumonia, in particular aspiration pneumonia [23] . Therefore, it is necessary to determine the predictive factors for aspiration pneumonia in the high-risk subgroup of elderly people receiving nursing care. Importantly, whereas the majority of previous studies enrolled subjects aged 50-75 years, the median age of our study subjects was 86 years providing a representative age sample for aspiration pneumonia [24] [25] [26] [27] .
Japan is an ageing country and, in this study, we were able to determine the significant risk factors for aspiration pneumonia in an elderly Japanese population. In accordance with previous studies [24] [25] [26] [27] , the multiple regression analysis revealed several risk factors for aspiration pneumonia (Table 3) . However, the propensity-adjusted analysis found only four major clinical risk factors (Table 4) . In previous studies examining the features of aspiration pneumonia, the analyzed elderly age group was younger than those of the present study. This study, on the other hand, revealed the significant risk factors for aspiration pneumonia among frail, older elderly people and found that age did not present as a significant risk factor among the older elderly in the present study.
Although patients who required intensive and advanced care were not in a geriatric health service facility (GHSF), our study subjects included a variety of elderly people with polypathology [15] who were receiving standard medical care along with nursing care. The comorbidity of our subjects varied (Table 1) . A recent study on people aged <80 years identified chronic obstructive pulmonary disease (COPD) as a risk factor for aspiration pneumonia [24] . However, the present study indicated that comorbid diseases (except multiple cerebral infarction) did not affect the incidence of aspiration pneumonia (Table 1) . Although there was no detailed examination of ADL in the previous study [25] , a decrease in ADL is thought to be a risk factor for aspiration pneumonia. The present study revealed that decreased standing, moving and walking ability, as well as impaired swallowing function were observed significantly more often in subjects with aspiration pneumonia than in those without aspiration pneumonia (Table 2) .
We further evaluated the data for the total sample using a multiple logistic regression analysis to establish the factors that influence the incidence of aspiration pneumonia. These factors were male sex, sputum suctioning, daily oxygen therapy, nutrition support dependency (nasogastric tube or gastrostomy), urinary catheterization, deterioration of swallowing function in the past 3 months, fever with acute infectious disease, dehydration, and dementia (Table 3) . However, these variables are potentially interdependent with health status indicators and disease conditions; therefore, we also examined the clinically significant risk factors associated with the development of aspiration pneumonia among elderly, propensity-matched subjects receiving nursing care. Although propensity score matching has several limitations [21, 22] , we conducted a multiple regression analysis among the propensity-adjusted subjects to reduce the imbalance between those with and without aspiration pneumonia, especially for ADL levels. This analysis was important for investigating the clinical risk factors in an older elderly population receiving nursing care and found that sputum suctioning, dysphagia, dehydration, and dementia were significant risk factors for recurrent aspiration pneumonia in this population (Table 4) . People living in GHSFs receive standard care from qualified staff, thus, sputum suctioning indicates impairment in saliva swallowing and mis-swallowing of airway secretions among patients. This particular risk factor may not have been recognized in previous studies in community-dwelling settings given the limited sputum suctioning. Furthermore, family caregivers often have difficulty recognizing the possible causes of aspiration pneumonia. However, recent research has suggested that impairment of saliva swallowing and mis-swallowing of airway secretions are major causes of aspiration pneumonia in elderly people [26] . These risk factors indicate the need for conventional swallowing assessments to determine dysphagia [27, 28] . However, conventional swallowing assessments focus on feeding ability and not misswallowing of saliva and airway secretions (except during meals). In addition to meal dysphagia, mis-swallowing of saliva and airway secretions during the night are significant risk factors for developing aspiration pneumonia [29] [30] [31] [32] . In this study, dehydration was shown to be an important risk factor for aspiration pneumonia. Although dehydration is a known risk factor for pneumonia, previous studies have not indicated that it is a risk factor for aspiration pneumonia in particular. The elderly subjects in this study received standard care in their facilities as well as rehabilitation services. In this setting, dehydration indicates impairment of oral intake and feeding. Thus, dehydration may be a good indicator of nutrition status in elderly people.
Our study also showed that dementia is a risk factor for the development of aspiration pneumonia. Studies have recently reported that elderly dementia patients (mean age of 86 years) inevitably develop dysphagia and have a high risk of aspiration pneumonia and related mortality in the hospital [33] . Even in special facilities that provide total care for elderly people, dementia may not be totally controlled by clinical staff. Therefore, it is reasonable to assume that dementia is a significant risk factor for aspiration pneumonia.
These results are important for elderly people receiving nursing care. Several risk factors can cause repetitive and recurrent aspiration pneumonia especially in older people, and the mortality of recurrent aspiration pneumonia is high in older adults [14, 34] . A discussion regarding the feasibility of intensive therapy with or without mechanical ventilation as well as prior selection of antibiotics is needed. In light of this, the Japanese NHCAP guidelines discuss the feasibility of intensive therapy of aspiration pneumonia.
The present study had some limitations. Although aspiration pneumonia in the present study was clinically diagnosed based on the consensus by the Japanese Respiratory Society (JRS) committee of the Japanese Study Group on Aspiration Pulmonary Diseases [20] , we were not able to assess swallowing function using functional assessments (e.g., the water swallowing test, repetitive saliva swallowing test, or simple-swallowing provocation test) for all patients residing in a GHSF. However, the presence of overt symptoms of dysphagia and a medical history of aspiration were considered as swallowing disorders in the patients. This method was approved by consensus from the JRS. The observational period for assessing the incidence of aspiration pneumonia was 3 months; however, the incidence of aspiration pneumonia might increase if the observation period were extended. These limitations suggest the necessity of a universal consensus for the aspiration pneumonia diagnostic criteria and additional investigations for evaluating the risk factors of aspiration pneumonia in a rapidly ageing population.
Conclusion
Our comprehensive, observational study established that the predictive clinical risk factors for aspiration pneumonia in older adults receiving nursing care were: sputum suctioning, deterioration of swallowing function, dehydration, and dementia. The results could be incorporated into clinical practice to prevent and reduce repetitive aspiration pneumonia. The results warrant further investigation in a prospective cohort study.
